Background: Intra articular elbow fractures are considered to be one of the most complex injuries in orthopedic trauma. Some are too comminuted for open reduction and internal fixation. Recently total elbow replacement (TER) had gained popularity for the treatment of comminuted elbow trauma when other treatment options are not possible. Methods: Since 2007-2013 we treated 18 patients with TER due to comminuted distal humeral fractures. We used the Disabilities of the Arm, Shoulder and Hand scoring system (DASH) to evaluate the patient's satisfaction. In addition, we evaluated the elbow range of motion and collateral stability. Results and Conclusions: Functional range of motion was achieved with high patient's satisfaction. Based on the results, we conclude that TER is a reasonable option for complex elbow fractures when open reduction and internal fixation is not suitable.
Introduction
Multiple articular fracture of the elbow (Figure 1 ) is considered to be one of the most complex injuries in the orthopedic trauma. Due to the fact that the elbow is a complex structure that requires precise coordination between three different joints, sometimes the number of broken segments and extensive cartilage damage create a situation in which the attempt to fix the fracture is not applicable or is sub-optimal.
Total elbow replacement (TER) is originally an operative solution for chronic conditions of extensive destruction of the joint, usually as a result of advanced During the recent years, with the experience accumulated of the surgical technique, the development of the materials composition, and the structure of the implants, this procedure has also taken its place as an alternative surgery for the treatment of complex fractures of the elbow joint, which cannot be reconstructed and surgically stabilized optimally. This contributes to the relatively quick return to functional life and consequently maintaining the quality of the patient life [5] [6].
The Development and Types of Implants The first implants produced were constrained implants which were stabilized by using a single axis that allowed for flexion and extension movements only.
Over time, many failures have been observed with this implant, due to loosening, especially in the humeral component. 2) Unlinked/uncoupled implant-with time, the understanding of the mechanics and kinematics of the elbow joint was improved. Consequently, the importance of a certain degree of freedom between the implant components and the need for muscle support around the joint was cleared and understood for the efficiency of the implant [7] This implant creates an anatomical structure close to the native joint between the humeral bone and ulnar bone. The most common types of implants are Souter-Strathclyde and Kudo.
The main advantage of this type of implants is the freedom degree of the joint.
This advantage is achieved due to the lower load between the implant parts itself, which reduces the chance of loosening.
Two main disadvantages of this implant are the need for maximum precision between the implant and bone components, as well as a higher incidence of dislocation.
3) Linkable implant-This implant is the new generation and excels the advantages of the two implants described above. The load on the weight bearing area in these implants is relatively low due to the thick envelope of polyethylene surrounding it. The structure of the implant enables a more accurate anatomical replacement with the option given to the surgeon to decide at the end of the surgery whether to attach the implant components or not.
Anatomical Approaches The surgical approaches are based on the incision relative to the triceps muscle.
Splitting the Triceps-the muscle is cut with an inverted V-shape without affecting the attachment of the tendon to the olecranon.
Triceps sparing-This approach allows muscle retention, but the exposure of the elbow joint is very limited and makes surgery difficult.
Shifting the triceps-the triceps muscle is shifting from the inner side to the outer one along with elevating from the proximal humerus and ulna while maintaining continuity with the anconeus muscle without damaging it.
This surgical technique gives a good exposure of the elbow joint and thus obtained the operation performed accurately. At the end of the operation, the muscle is fixed to the ulnar bone through absorbable sutures.
Risks and Complications after TER Results of elbow replacement are statistically inferior compared to total hip or knee replacement [5] [16] [17] .
Success of TER is proven by achieving the functional range of motion and satisfaction of the patient. The complications rate of elbow replacement after complex fractures ranged between 27% to 43% and the rate of postoperative complications ranged from 22% to 28% [8] [18] [19] .
Typical complications of TER include:
1) Infection-more common than in other joints. This can be attributed to the thin skin tissue in this area. The incidence of infection is between 3% and 11%.
Treatment of infections is a complex and difficult process that can range from conservative treatment of intravenous antibiotics for weeks to surgical treatment 2) Decrease extension mechanism-is caused by the quality of the soft tissues surrounding the joint and the surgical manipulations-2% -3%.
3) Aseptic loosening-with the progression of the implants development, this complication decreased significantly but still stands on 2% -9%.
Increasing loads on the joint is a risk factor for the loosening of the implant and therefore can be a limitation for young and active patients.
4) Implant wear-is known with each joint replacement. The wear of the implant over time and the free polyethylene parts cause a local inflammatory response that responsible for the osteolysis and osteoporosis of the bone.
5) Periprosthetic fractures-as a result of further injury or loosening of the implant.
6) Dislocation-Unlinked implants tend to dislocate as a result of the implant's dependence on the surrounding soft tissue, as well as the absence of a mechanical connection between the two implant components. The rate of dislocations is currently estimated at 5%. The rate of dislocations and subluxations is estimated at 15%.
7)
Ulnar nerve injury-This complication is estimated to be around 5%. In order to avoid this, the nerve must be isolated and shifted during surgery.
Methods
Between the years 2007 and 2013, we treated 29 patients (28 female and 1 male), most of them had complex fractures of the elbow joint (27 cases). The remaining two were operated due to osteoarthritis and progressive joint destruction.
In all surgeries, Biomet's Discovery © elbow system implant was used.
This implant is a semiconstrained, with an axis that allows Varus/Valgus of 7˚ using two halves balls moving against of a acetabular plastic structure, giving a large area of contact between the joint (Figure 2 ).
To date, 18 patients-all female with an average age of 70 years (range 54 -83) who have been treated after sever elbow injury-have been obtained. Sixteen operations on the right elbow and two on the left. All implants were fixed to the bone using cement material (Table 1 ). The duration of follow-up was an average of 26 months during which the satisfaction level was assessed based on a function-based questionnaire-disability of the Arm, Shoulder and Hand score (DASH score) [16] . In addition, the range of motion and collateral stability of the joint were examined.
The elbow collateral stability examination was done with extended elbow, and was determined according to 3 levels-stable, semi-stable, or unstable elbow.
Complications were also followed up such as loosening, infection, wound complications, and nerve damage.
Results
An analysis of the 18 patients was performed at an average time of 26 months postoperatively and showed satisfaction with an average score of 33 according to DASH score (range 2.5 -69).
The ranges of motion include flexion and extension with an average of 130˚ (±5.9˚) in flexion to a lack of extension with an average of 9.4˚ (±11.6˚). In addition, the supination range was with an average of 81.5˚ (±8.1˚) and the pronation range was with an average of 86.5˚ (±4.7˚).
It should be mentioned to say that all the elbows were found to be stable during elbow extension.
Regarding to the complications, there was a single case of aseptic loosening (5.5%). No cases of neuromuscular or sensory injury were found although a single case of pain attributed to the ulnar nerve was noticed.
Discussion
With the development of the surgical option for full replacement of the elbow joint, tremendous changes occurred with the types of implants, the materials and the surgical methods.
Those changes can be attributed to the mechanical understanding of the joint complexity that has been learned over the years, the new technology development, and of course the experience accumulated by the surgeon performing this procedure.
In this study, we found a low frequency of complications compared to the known literature. Single loosening case of the implant treated with revision TER resulting return to full function ( Figure 3 ) and a pain disturbance referring to the ulnar nerve without sensory or motor deficit.
Although the incidence of infections in these surgeries is not insignificant, in our study we did not encounter this complication.
In the vast majority of cases, there was a great satisfaction concerning the functional level expressed by the range of motions, absence of significant pain and maintenance of quality of life.
When comparing this study to other studies of TER we can find that the range of motion and satisfactory rate was high and the infection rate was the same.
The limitation of this study can be due to the short follow up and the number of patients.
There are needs of more articles with longer follow up to continue evaluate the effectiveness of this treatment.
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Conclusions
TER is an effective treatment for specific populations suffering from complex fractures of the elbow when open reduction and internal fixation is sub-optimal.
Over the years, there has been progress in the shape, type and component of implants, as well as in the mechanical understanding of this unique joint that appears to be expressed by the patients' high satisfaction.
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